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Molybdenum disulfide, MoSz, is used as a catalyst in coal-oil coprocessing. For 
most processes using molybdenum catalysts to be economical, the molybdenum must 
be recovered and recycled. Chemical recovery schemes have been devised, but 
typically recover only a fraction of the molybdenum. There are reports in the 
literature that bacteria can oxidatively solubilize MoSz (molybdenite) ore. 
This paper reports the initial results of experiments where Thiobacillus ferro- 
oxidans are shown to microbially solubilize MoSZ present in coal liquefaction 
catalyst residues. Small-scale shake-flask experiments show that after leaching 
of the catalyst residue by ferrooxidans at pH -2 f o r  6-7 weeks, as much as 
66-71% o f  the Ma can be solubilized. Analyses of the microbially-leached 
products and mass-balance calculations can account for 78-103% of the Mo 
initially present in the coal liquefaction residue. 

INTRODUCTION 

Molybdenum disulfide is used as a catalyst in coal-oil coprocessing. It is 
effective at concentrations as low as ZOO ppm Mo by weight, based on coal 
(ref. 1). Molybdenum is added to the coal in the form of aqueous solutions of 
ammonium heptamolybdate, (NH,,) 6M0702 + ,  or ammonium tetrathiomolybdate 
(NH!)zMoS*. The MoSz catalyst i s  then formed in situ at coal liquefaction con- 
ditions at about 350°C, in the presence of hydrogen. 

Even though MoSz is used at low concentrations, it is necessary to recover the 
molybdenum so that it can be recycled. A chemical recovery scheme has been 
developed (ref. 2). The coal liquefaction residue is first roasted (calcined). 
Under these conditions, the mineral matter in the residue and the molybdenum 
from the MoSz form compounds that are only partially soluble in the aqueous 
NH, used to leach the roasted material. This results in only a partial recovery 
of the molybdenum from the MoSz present in the coal-oil coprocessing 
1 iquef action residue. 

There are reports in the literature (refs. 3-7) that bacteria can oxidatively 
solubilize MoSz (molybdenite) ore. . This paper reports on the use of 
Thiobacillus ferrooxidans to aerobically solubilize MoSz present in a coal 
liquefaction (coprocessing) catalyst residue to facilitate recovery of the 
molybdenum. 

EXPERIMENTAL 

Catalyst Residue: Two gallons of liquids produced from reaction of  Illinois No. 
6 hvB bituminous coal and Maya atmospneric tower bottoms under coprocessing con- 
ditions (ref. 1) were processed as shown in Figure 1. Approximately 100 grams 
of catalyst residue that contained MoSz, obtained as the tetrahydrofuran- 
insolubles, Yere dried in a vacuum oven at lOOOC for 4 hours and then ground to 
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pass a 60-mesh screen. Ana lys is  of the c a t a l y s t  res idue  (done by Hufiman 
Laborator ies,  Inc., Golden, Colorado) i s  given i n  Table 1. 

Source o f  Microbes: Several s t r a i n s  of Th iobac i l l us  fe r roox idans  were ob ta ined 
from the  Center f o r  Bioprocessing Technology o f  t he  Idaho Na t iona l  Engineer ing 
Laboratory (INEL). The o r i g i n a l  source o f  two o f  t h e  s t r a i n s  (23270 and 13598P) 
was the  American Type Cu l tu re  Co l l ec t i on .  Two o t h e r  s t r a i n s ,  A6 and PH, were 
ob ta ined from Dor i s  Thompson a t  INEL. The Bureau o f  Mines, Bruceton Research 
Center, p rov ided a sample o f  a c i d  mine drainage muck, which was designated as 
c u l t u r e  BOM and assumed t o  contain,  in te r  a l i a ,  fe r roox idans .  

I n  general ,  t he  several  s t r a i n s  o f  fe r roox idans  were main ta ined on 9K o r  INEL 
medium (see below). A f t e r  t h e  p r e l i m i n a r y  b io leach ing  exper iments w i t h  c a t a l y s t  
res idue were completed, i nocu la  were taken from these f i n i s h e d  exper iments t o  
s t a r t  new b io leach ing  experiments. Thus, i n  some cases, t he  b a c t e r i a  now be ing  
used have been exposed t o  c a t a l y s t  res idue and/or molybdate leachate  s o l u t i o n s  
fo r  as long as 6 months. 

Prepara t ion  o f  Media: T. fe r roox idans  grow o p t i m a l l y  a t  pH 2.0-2.5. A f t e r  some 
p re l im ina ry  e x p e r i m e n t s 7 i t  was decided t o  use the  9K medium as descr ibed by 
Si lverman and .Lundgren ( r e f .  8 ) .  However, due t o  l a r g e  amounts o f  f e r r i c  i r o n  
p r e c i p i t a t e s  on the  glassware w i t h  the  use o f  9K, most a d d i t i o n a l  work was done 
w i t h  t h e  INEL medium. The r e c i p e  (shown below) was ob ta ined through Idaho 
Nat iona l  Engineer ing Labora tor ies ,  v i a  O r .  Paul Wichlacz ( r e f .  9). 

Recipe f o r  INEL Sa l t s  

To 1 l i t e r  o f  d i s t i l l e d  water adjusted t o  pH 2.0 wi th ,HzSOr ,  add: 

(NH,) *SO+..  ......................................... 
KC1 .................................................. 
KzHPO*  ...................................... i ......... 
MgSOr - 7 H 2 0 .  . .  ........................................... 
CaCl -2H ............ ::. ......................... 
Alz(SOr),.18HzO ..................................... 
MnSOy-HzO ........................................... 

0.15 g 
0.15 g 
0.15 g 
3.36 g 

2.25 g 
1.28 g 

0.12 g 

200 mL o f  t he  s o l u t i o n  i s  removed. Autoclave t h e  remaining 800 mL p o r t i o n  
i n  t e n  f l a s k s  (250 mL s ize)  w i t h  80 mL i n  each. Add 7.46 g o f  FeSOr-7H20 
t o  the  200 mL p o r t i o n  w h i l e  s t i r r i n g .  F i l t e r  s t e r i l i z e  t h e  i r o n  s o l u t i o n  
and add 20 mL a l i q u o t s  t o  each 80 mL o f  s t e r i l e  s a l t s  when coo l .  

B io leach inq  experiments: The b io leach ing  experiments were c a r r i e d  o u t  i n  250 mL 
Erlenmeyer f l a s k s  on a shaker (125 rpm) i n  an i ncuba to r  maintained a t  290C. 
Ca ta l ys t  res idue  (0.59) was added t o  100 mL o f  medium (pH = 2 ) .  This  m ix tu re  
was then inocu la ted  w i t h  1 mL of t h e  b a c t e r i a l  c u l t u r e .  A f t e r  b a c t e r i a l  growth 
and leach ing  f o r  6-7 weeks, t he  m i c r o b i a l l y - t r e a t e d  sample was f i l t e r e d  and 
worked up as shown i n  F igure  2. The f i l t r a t e s  were analyzed f o r  Mo by atomic 
absorp t ion  spec t ra l  ana lys is .  The i n i t i a l  and f i n a l  s o l i d  res idues  were 
analyzed f o r  molybdenum as fo l l ows .  F i r s t ,  t he  sample was ashed i n  a m u f f l e  
furnace a t  750oC. The ash was f l u x e d  i n  l i t h i u m  t e t r a b o r a t e  and then d i sso l ved  
i n  HC1. The HC1 s o l u t i o n  was analyzed by AA according t o  ASTM 03682-87. 

RESULTS AND DISCUSSION 

Resu l ts  f rom smal l -sca le  shake-f lask experiments a r e  shown i n  Table 2. The 
dates t h a t  t he  experiments were r u n  are  g iven i n  parentheses above the  column 
headings. Ir these shake-f lask experiments, which deqonst ra te  the  f e a s i b i l i t y  
o f  b io leach ipg  MoSz, as much as 71% o f  the  Mo i n i t i a l l y  p resent  i n  the  c a t a l y s t  
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residue was solubilized. Results of the control experiments given in Table 2 
show that the amounts of Mo solubilized in the controls are low compared to 
amounts of Mo solubilized in the microbial leaching experiments. In order to 
estimate the overall precision in these experiments, values calculated for the 
mass balance for molybdenum are also shown in the sixth row of the table. For 
the experiments described in Table 2, the amount of Mo found by analysis of 
solutions B and D and of residue E (see Figure 2) could account for 78 to 103% 
of the molybdenum present in the original catalyst residue A. 

These initial experiments, which show that some strains of Thiobacillus 
ferrooxidans can solubilize MoSz when it is present in a residue from coal-oil 
coprocessing, also show that the other materials present in the residue do not 
stop the bioleaching of the molybdenum. It is interesting to note that 
molybdate concentrations in solution at the end of the experiments were as high 
as 51 ppm. Reports in the literature (refs. 4-7, 10-12) suggest that a concen- 
tration as low as 10 ppm molybdate is toxic to ferrooxidans. However. 
inocula taken from these high concentration molybdate flasks, and used in 
subsequent experiments, proved viable and capable of additional bioleaching. 
This would suggest that we have developed a strain of ferrooxidans that has 
adapted to high molybdate concentrations. But also, it is possible that the 
condition designated as "toxic" to the bacteria might be better described as 
'I i nh i b i tory. 'I 

Both media used (9K and INEL) contain ferrous iron, as does the liquefaction 
catalyst residue. After bio-oxidation, this results in relatively high concen- 
trations o f  ferric iron in the leachate solutions. We hypothesize that the 
iron(II1) species present in solution form insoluble iron(I1I)molybdate 
compounds, as depicted in Figure 2. After the microbially-leached solutions are 
filtered, the iron(II1) molybdate present (mixed with the unreacted catalyst 
residue in mixtures) was dissolved in 3N HC1. After filtration, this HC1 
solution (acid extract 0) contains most of the molybdate that was formed during 
the bioleaching. In the best result, solutions B and D together contain 71% of 
the Mo solubilized from the MoSz initially present in the catalyst residue. 
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TABLE 1. Analysis o f  the THF-Insoluble MoSz/Co-Processing Residue - 
Element 

Carbon 
Hydrogen 
Oxygen (Direct) 
Nitrogen 
Sulfur 
Iron 
Molybdenum 

Percent 

24.5 
1.95 
7.2 
0.72 
7.4 
9.9 
2.80 
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, Coal Liquids 
in THF 

Coal Tetrahvdrof uran 
Liquids 5 THF: 1 CLP Tion 
Product 

\ MoS, + Mineral Matter + 
Insoluble Organic Matter 
(Catalyst Residue A) 

FIGURE 1. SEPARATION OF MoS, CATALYST RESIDUE FROM 
COAL-OIL CO-PROCESSING LIQUIDS. 

Catalyst Residue A 
+ Medium 
+ Inoculum 
Shaken for X Weeks 

Microbially - 
Treated Residue + 
Fe (IU,) M o I y bdat e 
(Mixture C) 

Residue E 

FIGURE 2. SHAKE-FLASK BIOLEACHING OF MoS, CATALYST 
RESIDUE MASS BALANCE EXPERIMENTS. 
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